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OPERATION OF COAL-CUTTING MACHINERY.* 
USE AND ECONOMY OF THE VARIOUS TYPES OF COAL CUTTERS. 
TIrE production of bituminous coal offers a field for 
the employment of machinery more favorable than that 
presented by any other class of mining. This has led 
to the development of highly specialized machines suit� 
able for this work alone, and almost unknown to those 
whose operations are confined to the harder minerals. 
While the difficulties and dangers encountered in 
producing coal are not, except when complicated by the 
presence of gas, any greater than those overcome by ore 
miners, the friable nature of the coal itself offer's a 
better opportunity for machine mining, and engineers 
have not been slow in taking advantage of this. 
In most modern mines, the coal is undercut and 
drilled for shooting down by .electric or compressed-air 
machines, and hauled to the shaft bottom or tipple by 
electric or compressed-air locomotives. In cases it is 
even loaded into cars underground by the same power. 
The commercial machines of the present time may 
be divided roughly into two classes; the percussion or 
puncher type which imitates the action of a hand 
miner's pick, and the chain and cutter-bar machines 
which use the continuous cutting effect of a series of 
tools or picks working in a manner similar to a milling 
cutter in metal or a circular saw in wood. 
THE PERCUSSION TYPE OF MACHINE. 
The puncher has proved a satisfactory machine in 
practice and is adapted for use in many places when 
the second type is nearly, if not quite, useless. Its 
mechanism is not unlike that of a small steam pump 
with the water cylinder omitted. The piston and rod 
are made heavy and are guided by an extension of the 
front cylinder head; the outer end of the rod is fitted 
with a taper socket or chuck adapted to hold a single, 
double-pointed pick. The machine is mounted on low 
wheels and furnished with a pair of handles at the 
rear end of the cylinder. The motive power is always 
compressed air, for there is, as yet, no practical elec­
trically driven puncher on the market. 
In use the puncher is placed on a sloping platform 
called the "board," the front end of which rests against 
the coal face, the rear end being elevated on a low 
trestle or "horse." The object of the slope is, of 
course, to overcome and neutralize the effect of the 
recoil at each stroke. The runner sits on the board 
back of his machine and blocks one wheel with a 
wooden clog strapped to his foot, guiding the direction 
of each blow of the pick by the handles, already men­
tioned. A second man, called the "scraper:' kneels on 
the floor by the board and keeps the cut clear with a 
long-handled shovel. 
The completed undercut is about 6 feet wide and 4 
to 6 feet deep, and is wedge-shaped in section, the 
height decreasing from about 18 or 20 inches at the 
face to 2 or 4 incheS' at the extreme depth. This wedge 
form of the undercut is very effective in causing the 
coal to roll over and break up when shot, rendering it 
easier to load. 
The puncher with its board is shifted along the 
face about 6 feet as each cut is finished until the 
whole place is under-cut. In room and pillar work 
the miner usually starts at the corner of the room, so 
that when the work is completed it is unnecessary to 
drag the machine and board over the accumulated slack 
and cuttingS' in shifting to the next place. Each 
puncher is supplied with a special low truck of a gage 
to fit the mine tracks upon which it is loaded with its 
board, coil of hose, box of picks, etc., when moving 
Thbout the mine. 
THE DIFFERENT MAICES OF PUNCHING MACHINES. 
There are several makes of punchers on the market, 
all similar in outward appearance and efficiency and 
differing principally in the valve gear. All receive air 
through a large main valve which is in turn governed 
by a smaller auxiliary valve. In the Sullivan puncher, 
this auxiliary valve is driven d.irectly from the main 
piston by means of a rifle bar with a pinion engaging 
a rack. A movable false seat under the auxiliary valve 
may be adjusted by the operator while the machine is 
running, thus advancing or retarding its stroke and 
c.onsequently governing the movement of the main 
piston. In the Ingersoll-Rand, the Harrison, and other 
standard punchers, the auxiliary valve is moved by 
a small engine independent of the main piston, its 
action being under the control of the operator as in the 
previous case. 
Each puncher, in the hands of an efficient runner, 
will average 60 to 70 feet of face undercut per 10-hour 
shift. The power consumption is from 100 to 150 cubic 
feet of free air compressed to 80-pound gage per minute, 
thus giving a speed of about two strokes per second, 
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which is regarded as the most economical rate of rUN- ously after the cut had progressed a few yards. This 
ning. Any higher speed tends to disconcert the runner caused a large consumption of power and a cOE.sequent 
so that he is unable to place each stroke to the best low efficiency of the machine. 
advantage. The working efficiency of a pick-machine 
plant is very low. After deducting losses due to the 
compressor, frictio'n, pipe line, leakage, etc., the re­
sulting power applied to the coal is rarely more than 
12 per cent of the horse-power supplied at the steam 
cylinder of the compressor. 
A NEW TYPE OF CUTTER. 
A new type of percussion coal cutter has been intro­
duced in the last few years which consists essentially 
of a rock drill mounted on a mining column and ar­
ranged to be swung in an arc acrosS' the face by means 
of a worm and sector. A' series of steels of varying 
length, each carrying a bit of proper gage, are used 
just as in ordinary rock-drill work, except that instead 
of pounding away at one spot, this drill swings radially 
and cuts a groove 10 to 15 feet long, advancing % to 
* inch each swing. Machines of this type have been 
S'uccessfully used abroad. These European machines, 
however, are provided with universal adjustment so 
that the drill may swing at any desired angle regard­
less of the setting of the column; this is a patented 
feature not used on those made in this country, since 
the latter are capable of a horizontal and a vertical 
swing only. 
Coal cutters of this type may be used for shearing, 
when the coal will not stand undercutting, by setting 
the worm sector to swing in a vertical plane without 
any other change. When a room is cut, the machine 
may be clamped in place and the holes drilled for shoot­
ing with the same steels working as a rock drill. 
The danger of a long cut closing and stopping the 
swing of the steel is a serious disadvantage with this 
machine. There is alS'o considerable difficulty in hold­
ing a column up against a greasy surface of slate or 
roof coal, a trouble experienced even with the small 
power rotary drills and naturally much augmented by 
the repeated shocks of a percussion machine. 
The Stanley header was designed to drive a complete 
gangway or tunnel at one cut. It consisted of a disk 
of large diameter rotated on a horizontal axis by a 
duplex air engine or an electric motor; the front face 
of the disk was provided with a number of cutting 
toolS'. The whole machine was mounted on a heavy 
truck and forced against the coal face. A conveyer 
was arranged to take the slack and cuttings to the rear 
where they were loaded into cars. This machine proved 
unsuitable for American conditions and is now prac­
tically obsolete. 
Some attempts are being made at the present time 
to perfect a machine which will do the cutting and the 
loading at the same operation. These machines are, 
however, more or less experimental and it is as yet 
impoS'Sible to form any definite opinion of their capa­
bilities. 
One of the earliest continuous-cutting machines to 
obtain success was the old cutter-bar type now almost 
obsolete in this country, although still used to some 
extent in England. This machine employed a taper­
ing bar of steel, of a length sufficient to give the 
proper depth of undercut, in which a number of picks 
or tools were set. The bar was rotated by a compreesed 
air engine or an electric motor and cut the coal in a 
manner similar to a surface mill in working metal. 
The pIcks were arranged in a line along the bar with 
the object of clearing away the cutting and preventing 
sticking by a sort of screw conveyer action. 
While this machine was strong and simple in con­
struction, it was found nearly impossible to maintain 
a level cut in irregular coal, as' the bar was easily 
forced upward or downward by hard spots of sulphur 
or by "horse-backs" in the bottom and was with diffi­
c.ulty returned to the proper level. This led either to a 
set of broken picks when they encountered a limestone 
floor, or a job of taking up bottom where the bar had 
worked upward. 
The disk-longwall machine was also popular for a 
time and is still used to some extent. This machine 
imitated the action of a circular saw, the cutting tools 
being mounted on the periphery of a large S'teel diSk, 
set horizontally and driven by bevel gearing from an 
air engine or electric motor. The central bearing was 
made short and supported by steel plates above and 
below the disk so that almost the entire diameter was 
available for extending under the coal. 
Since in longwall working some pressure and conse­
quent settling of the coal is eS'Sential to easy shooting 
down, it is obvious that there was a continual pressure 
on the rearmost edge of the disk and that practically 
the whole active edge was required to work continu-
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THE CHAIN CUA T.-CC'l".rIl;R. 
The chain coal-cutter has been standard for a num­
ber of yearS' and is used in practically every field in the 
country. There are two types adapted for room-and­
pillar work, the chain-breast and the so-called continu­
ous-cutting machine, which is a modified longwall type. 
The chain-breast machine is made up of two essential 
parts; a stationary base or frame which rests on the 
floor, and is clamped down while the machine is run­
ning by jacks set obliquely at either end and bearing 
against the coal face and the roof respectively; and a 
movable triangular cutting frame carrying a clmirL 
provided with pickS' or cutters, on sheave wheels at its 
angles. The motor or engine is fastened rigidly to the 
triangle at its apex, the base being presented to the 
coal. The frame with its motor travels in and out in 
guides on the stationary base or carriage, the feed being 
accomplished by a rack and pinion. A cut 30 to 40 
inches wide and 5 to 7 feet deep is made at each set­
ting, the height of cut varying from 4 to 5'lG inches 
according to the setting of the picks. The cutter frame 
is then withdrawn and the whole machine moved over 
by hand a distance equal to the width of the cut where 
the S'ame procedure as before is followed, the operation 
being repeated until the entire face is undercut. The 
machine is then drawn away from the face and loaded 
on a special truck built for the purpose, ready to be 
moved to the next place. 
Each chain-breast machine requires the services of 
two men, a machine runner and a helper, the latter 
keeping the cut clear of slack and assisting in moving 
and loading the machine. A skillful operator will un­
dercut from 150 to 180 feet of face per shift. The 
electric machines require about 12 kilowatts equal to 
48 amperes at 250 volts, or 105 amperes at 115 volts, 
and the compressed-air machines about 400 cubic feet 
of free air compressed to 80-pound gage per minute 
when running at full power. 
ADVANTAGES AND DISADVANTAGES. 
The advantages of this machine lie in: the smaller 
number of men required to produce a siven tonnage 
as compared with pick machines or hand labor, its 
greater mechanical efficiency, and the higher percen­
tage of lump coal due to the low kerf or undercut 
which it makes. 
Its disadvantages may be stated as the difficulty of 
obtaining a level floor, the necessity of placing all 
props 10 feet to 14 feet back from the face to allow 
of its working, the liability of pinching the wide cutter 
frame in any settling of the coal, and the labor in­
volved in moving the machines by hand along the face 
after every cut. 
To overcome theS'e disadvantages the continuous­
cutting machine was developed. There is at present 
but one of this type on the market, but it is probable 
that most other manufacturers will have machines 
running on this principle in the near future. 
The continuous-cutter is essentially a longwall ma­
chine modified to- adapt itself to room-and-pilktr work. 
The cutter frame is narrow and carries a single sheave 
at either end; the construction otherwise is similar to 
that previously described. In the starting or "tight" 
cut, the cutter frame is fed in as before, the feed being 
accomplished by a chain instead of a rack and pinion 
in the machine under discussion. The rear portion 
of the underframe is then detached, and the feed chain 
is extended the length of the face, and fastened se­
curely at either end to a steel prop or jack provided for 
the purpose; the whole machine is drawn along the 
face, making a continuouS' undercut from end to end. 
At the further end of the room, the cutter frame is 
withdrawn, the detached portion of the underframe 
being replaced for the purpose, and the machine is then 
loaded on a truck as before described. 
The fact that this coal-cutter traverses the width 
of the room with the cutter frame under the coal, 
allows the setting of props close to the face, since 
the space necessary for working is only that taken up 
by the motor and feed mechanism and this does not 
exceed 3 feet in most cases. 
Both this machine and the chain-breast type are 
usually provided with a sprocket wheel and chain or 
other mechanical connection with the axle of the truck 
so that they may be moved about the mine by their 
own power, the cutter chain drive being, of course, 
thrown out of action by some form of clutch. 
POINTS TO CONSIDER. 
While the chain coal-cutter represents the highest 
development of the mining machine at the present time, 
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it is by no means conceded that it is, necessarily, the 
form best suited to the work. The internal friction due 
to the large number of chain joints, and the sliding 
contact on the guides, all of which may be regarded as 
constantly under the coal, and consequently difficult to 
lubricate, causes a serious loss of mechanical effi­
ciency. Indeed, those machines which employ a high 
speed chain waste more than 50 per cent of the power 
supplied at the terminals of the motor or the throttle 
valve of the air engine in overcoming this internal 
loss. Another serious difficulty is encountered when 
cutting in high seams, from the fact that the coal tends 
simply to settle down the height of the uNdercut, when 
shot, and does not roll over and break up as it does 
when cut with the puncher. This necessitates a second 
shot to break up the mass, and makes it almost as dif­
ficult as shotting off the solid in the first place. 
It is not impossible that we may be compelled to 
return to some modified form of the old cutter-bar 
machine to avoid these troubles. The bar itself could 
be built up of cast-steel skeleton sections to form a 
screw conveyor of a pronounced conical shape, the cut­
ting tools being set on the edge, the whole assembled 
on a stout steel shaft. A steel frame attached to the 
body of the machine and traveling behind the bar in 
the undercut, its form being similar to a longitudinal 
section of the bar itself, would assist in preserving the 
level of the cut. This frame could be inserted after the 
work had progressed a few yards, or could be attached 
rigidly to the machine, the latter construction necessi­
tating a radial swing of the bar under the coal in 
starting and there leaving a corner uncut. 
A coal-cutter of this. type could be made very strong 
and simple in construction and the small number of 
bearings and rigidity of the mechanism should aid 
greatly in reducing the internal friction. The con­
struction of such a machine would naturally introduce 
a number of problems which could be solved only by 
actual experience in cutting coal. 
H I G H-F R E QUE N C Y o SCI L L A T ION S.* 
THEIR PRODUCTION BY VARIOUS METHODS. 
THE use of high frequency currents in connection 
with wireless telegraphy has given a great impetus to 
the development of the various methods of production 
and I propose to pass in rElview some of the different 
methods of producing high frequency currents which 
ha ve been tried. 
Let us go right back to the beginning. A direct 
current such as is obtained from a battery flows 
round a closed circuit constantly in the same direc­
tion. If the current is periodically reversed by any 
means, for example by a commutator, then it is called 
an alternating current. And the number of times in 
a second that the current round the circuit is re­
yersed and re-reversed back to its original direction 
it; called the frequency. 
The alternating current supplied by some of the 
electric light companies has a frequency of from 50 
to 83 periods or complete reversals per second. The 
much smaller alternating current which is generated 
in telephone circuits when a musical note is whistled 
or sung before a telephone has a much higher fre­
quency, ranging up to 1,000 or 2,000 periods per second. 
If the frequency is very much higher, ranging from 
100,000 up to several million periods per second, it 
is usual to speak of the current as high frequency 
current. 
There are broadly two methods by which high fre­
quency currents may be produced: 
Firstly. An alternator or some mechanical method 
of producing the reversal of the current might be em­
ployed. 
Secondly. The current reversals can be obtainEld by 
taking advantage of Lord Kelvin's discovery of the na­
ture of the discharge of a Leyden jar or condenser. 
Taking the alternator first, the difficulty in con­
structing such a machine is very great, mainly due 
to the very high frequency required. Whether the 
attempt is made to build a dynamo with: little poles 
placed very close together or whether a contact maker 
is constructed with little contacts very close together 
round its circumference, the difficulty is encountered 
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FIG. 1. 
of the want of sufficient space for the poles or con· 
tacts. If the small distance of only 1/10 inch is al­
lowed for each pair of poles ('Ir contacts and it is re­
quired to obtain a frequency of half a million, a fre­
quency which, I believe, is very usual for therapeuti­
cal purposes, the speed at which our contacts or poles 
must molVe is 500,000 times 1/10 inch. per second, 
which works out at 50,000 inches or 1,388 yards per 
second or 2,840 miles an hour. Now there is no 
known material, not even the strongest steel, which 
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will stand being rotated with such a surface velocity 
as this. 
Small alternators ha ve been constructed for lower 
frequencies such as a machine that I constructed some 
years ago which gave 120,000 frequency, but a very 
small output. Lately Prof. Fessendel!l. in America 
claims to have constructed an alternator having a 
frequency of a little over 80,000 which will give a 
FIG. 2. 
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considerable amount of power. I fear, however, that 
this frequency is somewhat low for medical applica­
tions, though I am not clear on this point. It is a 
matter in which the medical men can help me. 
Turning next to the methods of producing high 
frequency currents by means of the discharge of a 
Leyden jar. As far back as 1853 Lord Kelvin mathe­
matically demonstrated that when a charged Leyden 
jar is discharged the current, instead of flowing con­
tinuously in one direction round the discharge circuit, 
may flow round this circuit first in one direction, and 
then in the opposite, and then round in the original 
direction, gradually dying away until the jar is com­
pletely discharged as represented graphically in Fig. 
1. This property of the Leyden jar forms the basis of 
all our present practical methods of producing very 
high frequency currents. 
Lord Kelvin pointed out that in order to obtain 
this oscillatory discharge it is necessary first, that 
the conductor through which the jar is discharged 
should possess self induction, and secondly, that the 
resistance of the conductor should be sufficiently low. 
Lord Kelvin also gave a simple formula for calculat­
ing the frequency of these oscillations, namely, the 
1 
frequency is equal to where L is the self-
21t V L.F . 
induction of the circuit, and F is the capacity of the 
jar or condenser. The movement of the electricity in 
the conductor during the discharge of the jar may be 
illustrated by taking as an analogy the movement of 
a pendulum which when started swinging gradually 
stops. 
I have mentioned this elementary matter in order 
to have it fresh in your minds as it is the basis of all 
the following methods of producing high frequency 
currents. In order to obtain energetic oscillations in 
the circuit the condenser must be charged to as high 
a voltage as possible, and then allowed to discharge. 
To do this there are two methods now in use which 
I will designate briefly as the "arc" and the "spark" 
methods. The latter method was so brilliantly work­
ed out by Nikola Tesla in his classical researches, and 
is so well known, that I shall not need to dwell very 
long over it. It is the method, I believe, universally 
used by medical men. The method consists, briefly, 
in periodically charging the Leyden jar or condenser 
by means of an induction coil when direct current is 
used, or by means of a transformer when alternating 
current is used. The discharge is obtained by allow­
ing a spark to take place at some point in the dis­
charge circuit. This spark takes place when the con­
denser is charged to a sufficiently high voltage to 
brea k down the air between the terminals of the 
spark gap. The properties that are required in the 
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spark gap in order to make it effective are that it 
shall be a very good insulator for electricity, and so 
allow the condenser to charge to a sufficiently high 
voltage, and then when once the spark has taken 
place it is necessary that the gap should become so 
good a conductor as to allow the oscillations to take 
place freely. The property of the spark gap passing 
suddenly from an insulating condition to being a 
very good conductor is the foundation of the present 
spark methods of producing high frequency oscilla­
tions. 
When it is required to deal with large powers the 
spark gap may become so heated during the discharge 
that it does not return to its insulating condition suffi­
ciently rapidly to allow the condenser to be charged 
again by the induction coil or transformer. To over­
come this difficulty various devices are used, such as 
cooling the electrodes, blowing air across the spark 
gap, etc. 
In order to utilize, whether for wireless telegraphy 
or medical purposes, the high frequency oscillations 
obtained by the discharge of the jar, it is usual to 
associate with the discharge circuit some form of 
transformer or oscillation spiral to raise the voltage. 
The action of these resonant circuits is often puzzling 
to those who are unaccustomed to them. In order to 
try and make the matter more clear let us consider 
a long, straight conductor insulated along its whole 
length, and removed to a distance from all other 
bodies. Suppose that one end of this conductor be 
suddenly charged. The electricity will not reach the 
other end instantaneously, but will travel along the 
conductor with approximately the velocity of light. 
When the charge reaches the far end of the conductor 
it will, in general, be reflected in much the same way 
as sound waves are reflected at the end of a closed 
organ pipe, so that a certain quantity of electricity 
flows backward and forward along the conductor until 
finally the steady state of charge is reached. 
The middle of this conductor is traversed by a high 
frequency alternating current, and at each end there 
is produced a high alternating voltage which dies 
away. These oscillations of the electricity along the 
conductor will be produced each time that the con­
ductor is charged and discharged in much the same 
manner as in the discharge of a Leyden jar. 
The maximum value of the oscillatory current at 
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each point along a complete insulated conductor may 
be illustrated as shown by the full lines in Fig. 2, 
when the oscillations take the simplest form, and the 
maximum value of the potential may be represented 
by the dotted lines. 
The frequency of these oscillations may be roughly 
estimated in the following way: The electricity start" 
ing from one end travels to the far end and returns 
to the starting point with the velocity of light, so that 
the electricity travels twice the length of the con· 
2 l 
ductor in a time roughly equal to -. Where Z is the 
